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20.  ABSTRACT  (Continued). 

Based  on  the  statistical  analysis  of  the  peak  ground  motions,  acceleration 
(a),  velocity  (v),  and  displacement  (d),  it  has  been  found  that  the  average 
ratios  of  v/a  ,  a-y/a^  (vertical  maximum  acceleration  to  horizontal  maximum 
acceleration),  and  ad/v2  are  0.089  sec,  0.58,  and  3.17,  respectively. 

The  epicentral  distances  to  Ririe  and  Lucky  Peak  Dams  are  about  the  same 
(180  km).  The  amplification  ratios  of  maximum  accelerations  on  the  crest  to 
the  maximum  accelerations  at  the  abutment  for  Lucky  Peak  Dam  are  5.69,  4.01,  and 
3.76  for  longitudinal  (L) ,  vertical  (V),  and  transverse  (T)  components,  re¬ 
spectively.  However,  the  ratios  for  Ririe  Dam  are  2.05,  2.41,  and  2.48  for  L, 

V,  and  T  components.  The  different  ratios  of  the  two  dams  are  believed  due  to 
the  different  dam  heights:  104  m  for  Lucky  Peak  Dam  and  41.5  m  for  Ririe  Dam. 
The  data  from  Dworshak  Dam,  a  concrete  structure,  are  not  appropriate  for  com¬ 
parison  with  data  from  the  other  two  dams,  which  are  earth  and  rock-fill  struc¬ 
tures  . 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  may  be  converted  to  SI  (metric) 
units  as  follows: 

Multiply _  _ By  To  Obtain 

feet  0.3048  metres 

miles  (US  statute)  1.609347  kilometres 


INTRODUCTION 


1.  On  28  October  1983,  a  major  earthquake  of  Richter  magnitude  6.9 

(m  =  6.2,  M  =  7.3)  occurred  at  8:06  a.m.  MDT  (14:06  UTC)  in  central  Idaho 
b  s 

(USGS,  1983).  The  geographic  coordinates  of  the  epicenter  were  44.046°N, 
113.887°W  (USGS,  1983).  The  earthquake  was  centered  west  of  Idaho's  tallest 
peak,  Mount  Borah  (el.,  12,662  ft)  and  near  the  towns  of  Mackay  (population 

550),  30  km  southeast  of  the  epicenter,  and  Challis  (population  800),  55 

km  northwest  of  the  epicenter.  Total  damage  from  the  earthquake  was  estimated 
at  $2.5  million  and  two  people  were  killed.  The  earthquake  was  felt  in 
Idaho,  Washington,  Montana,  Oregon,  Nevada,  Wyoming,  Utah,  and  Alberta  and 
British  Columbia  in  Canada. 

2.  The  length  of  the  surface  rupture  of  the  fault  was  about  40  km; 

maximum  vertical  offset  of  the  fault  was  on  the  order  of  3  m.  The  faulting 

occurred  along  a  line  of  older  ground  displacement.  Both  ends  of  the  fault 
showed  clear  evidence  of  the  extension  of  this  older  faulting.  A  high  level 
of  vertical  acceleration  was  associated  with  the  faulting  based  on  eyewitness 
accounts  and  on  observation  of  building  contents.  Observation  also  indicated 
that  the  level  of  ground  acceleration  attenuated  quickly  and  was  not  large 

in  the  towns  of  Mackay  and  Challis.  This  might  explain  why  the  damage  in 
both  Mackay  and  Challis  was  not  as  heavy  as  had  been  expected.  Minor  damage 
occurred  in  Salt  Lake  City,  Utah,  and  Boise,  Idaho. 

STRONG-MOTION  RECORDING 

3.  During  the  main  shock,  the  Strong-Motion  Instrumentation  Program 
(SMIP),  US  Army  Corps  of  Engineers,  had  13  accelerographs  on  three  dams, 
within  a  radius  of  about  410  km,  in  operation.  These  three  dams  are  Lower 
Granite  (earth  and  gravity  dam,  epicentral  distance  of  403  km),  Dworshak 

^ concrete  dam,  330  km),  and  Lucky  Peak  (earth  dam,  180  km).  All  three  dams 
are  located  in  the  far  field.  They  were  not  expected  to  record  any  meaningful 
ground  motion.  Three  of  the  four  accelerographs  located  at  Dworshak  were 
triggered,  or  were  initiated  because  of  electrical  connection  to  another 
acce lerograph  which  was  triggered.  The  fourth  accelerograph ,  located  in 
the  office  building  at  the  right  abutment  of  the  downstream  site,  did  not 
trigger.  It  was  not  connected  to  a  common  starter.  The  data  suggests  that 
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the  accelerograph  at  the  upper  gallery  of  the  Dworshak  Dam  was  triggered 

and  this  caused  the  recorders  at  two  other  ocations  on  the  project  to  operate. 

The  five  instruments  located  at  the  Lower  Granite  Dam  were  not  triggered. 

The  distance  was  too  far  away  from  the  source  to  produce  triggering  level 
ground  motion  at  this  project. 

4.  The  US  Bureau  of  Reclamation  (BuRec)  has  five  accelerographs  on 
Ririe  Dam,  a  rock-fill  dam  located  179  km  east  of  the  epicenter,  and  an 
additional  three  on  Black  Canyon  Dam,  a  concrete  dam  198  km  west  of  the 
epice  ter.  All  five  instruments  at  r.irie  were  triggered.  The  three  at 
Black  Canyon  were  not.  One  accelerograph,  in  the  basement  of  the  Boise, 

Idaho,  Veterans  Administration  (VA)  Hospital  (189  km  west  of  the  epicenter), 
was  not  triggered. 

5.  The  Idaho  National  Engineering  Laboratory  (INEL)  is  located  approxi¬ 
mately  90  km  southeast  of  the  epicenter.  During  the  main  shock,  13  accelero¬ 
graphs  of  INEL,  operated  by  the  US  Department  of  Energy,  recorded  motion 

at  ground  level  of  amplitudes  between  0.018  g  (vertical  component)  to  0.078 
g  (horizontal  component). 

6.  The  INEL  had  one  other  instrument,  located  at  Idaho  Falls,  which 
is  163  km  from  the  epicenter.  It  was  not  triggered.  The  trigger  level 

of  the  starters  (checked  on  7  November  1984)  was  0.007  g,  lower  than  the 
common  setting  of  0.01  g. 

7.  Unfortunately,  no  strong-motion  instruments  were  located  in  the 
near- fie 'd  or  r  the  fault.  The  recorded  maximum  horizontal  ground  accelera¬ 
tion,  at  an  epicentral  distance  of  90  km,  was  in  the  range  of  0.025  to  0.078 

g,  while  the  vertical  acceleration  was  in  the  range  of  0.018  to  0.043  g. 

OBJECTIVE  OF  THIS  STUDY 


8.  The  accelerographs  have  been  in  place  on  the  Dworshak  Dam  (a  concrete 
Ham)  and  the  Lucky  Peak  Dam  (an  earth  dam)  since  1972  and  were  installed 
by  the  U.  S.  Army  Engineer  District,  Walla  Walla,  and  on  Ririe  Dam  (a  rock-fill 
dam)  where  accelerographs  were  installed  by  the  Bureau  of  Reclamation. 

Even  though  the  maximum  amplitude  was  not  more  than  0.06  g,  documentation 
is  desired.  The  dynamic  analysis  of  Ririe  Dam  is  planned  under  a  separate 
project  and  the  documentation  and  understanding  of  the  observed  earthquake 
strong-motion  data  should  be  an  extremely  valuable  adjunct  to  that  project. 
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It  appears  that  180  km  was  the  critical  distance  for  recording  the  ground 
motion  for  an  instrument  setting  (threshold)  of  0.01  g.  Beyond  the  distance 

of  180  km,  there  were  no  instruments  at  ground  level  which  were  triggered 
by  this  earthquake. 


INSTRUMENT  CHARACTERISTICS 

9.  Table  1  i..iows  the  instrument  characteristics  of  the  accelerographs 
on  Dworshak,  Lucky  Peak,  and  Ririe  Dams.  Table  2  shows  their  epicentral 
distance,  height,  crest  elevation,  instrument  location,  number  of  records 
obtained,  and  type  of  structure. 

DATA  DIGITIZATION  AND  PROCESSING 

Digitization 

10.  The  27  accelerograms  were  digitized  with  a  laser  line  digital 
machine  by  IOM-Towill  of  Santa  Clara,  Calif.  The  sample  rate  is  600  points 
per  second.  This  rate  has  been  adjusted  to  200  points  per  second  during 
the  data  processing. 

Baseline  correction 

11.  The  basic  concept  of  baseline  correction  is  to  subtract  from 

the  raw  accelerogram  a  low-pass  filtered  version  of  the  accelerogram,  using 
Ormsby's  filter  (Ormsby,  1961)  in  which  all  frequencies  higher  than  0.07 
Hz  have  been  removed.  he  result  is  a  high-pass  filtered  accelerogram  from 
which  low-frequency  noise  is  eliminated.  This  is  part  of  the  standard  routine 
processing  of  accelerograms  (Hudson  and  others,  1971;  and  Trifunac  and  Lee, 
1973).  The  general  procedure  of  baseline  correction  for  this  report  is 
the  same  as  mentioned  above  except  Ormsby’s  filter  had  been  replaced  by 
an  equivalent  Butterworth  filter  (USGS,  1976)  and  some  minor  changes.  Details 
of  these  and  other  data  processing  procedures  are  discussed  in  a  User's 
Manual  for  the  computer  code  AGRAM  by  Converse  (1983). 

Data  processing 

12.  The  27  corrected  accelerograms,  velocities,  displacements,  and 
their  response  spectra  were  processed  by  the  Seismic  Engineering  and  Geology 
Branch,  USGS,  using  their  standard  routine  computer  program  AGRAM  and  were 
stored  on  magnetic  ape.  Plots  showing  the  corrected  acceleration,  velocity, 
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and  displacement  curves  are  shown  in  Appendix  B.  The  uncorrected  accelerograms 
are  in  Appendix  A. 

DATA  PRESENTATION 

13.  Station,  site  location,  coordinates,  epicentral  distances,  azimuth 

from  source  to  accel erograph  site,  instrument  component,  uncorrected  maximum 

acceleration,  corrected  maximum  acceleration,  maximum  particle  velocity, 

2 

maximum  d  i  ^placement ,  and  ratio  of  a*d/v  ,  v/a  ,  and  a  /a,  are  listed 

v  h 

in  lab  Ip  '3. 

STRONG-MOTION  PARAMETERS 

lh  The  average  ratio  of  a  /a,  (vertical  maximum  acceleration  to 

v  h 

.<  riz.'  at  il  maximum  acceleration)  for  this  earthquake  was  0.58.  Chang  (1983) 

and  m  a  a  for  the  New  Hampshire  earthquake  to  be  0.83.  Uwabe  and  others 

v  h 

■ '  :>7  ! )  found  the  average  ratios  of  a  /a,  for  Japan  and  the  Western  United 

v  h 

State--  are  0.33  and  0.48,  respectively.  The  value  of  0.58  for  this  study  is 
not  iar  •'  rom  the  0.48  value  of  the  Western  United  States.  Furthermore,  the 
former  is  based  only  on  the  18  horizontal  data,  while  the  latter  is  a  mean  of 

hundreds  of  data  . 

I  3 ,  For  most  earthquakes  of  practical  interest,  Newmark  and  Rosenbluth 

.  ?  2 

'!  •  i.i  vivo  ad/v  =  5  to  15.  However,  the  average  ratios  of  ad/v  for 

1 8  horizontal  and  9  vertical  accelerograms  are  3.108  and  3.258,  respectively, 
ib"  rat:  in  value  for  this  earthquake  is  extremely  low  when  compared  with  other 
earthquakes  in  the  Western  ”nited  States.  However,  this  comparison  may  be 
unjust  i>  ied,  because  there  were  not  many  strong-motion  data  recorded  in 

this  earthquake  as  mentioned  earlier. 

COMPARISONS  OF  GROUND  MOTIONS  AT  RIRIE  AND  LUCKY  PEAK  DAMS 

i  lie  epicentral  distances  at  Ririe  and  Lucky  Peak  Dams  are  about 
•  same  '180  xn).  'However,  the  direct  ions  and  paths  are  different.  Ririe 
"  -  east  r.f  the  c>n  i  center ,  while  Lucky  Peak  Dam  is  southwest  of 

'  "  Vue  ratios  or  amplifications  of  maximum  accelerations  on  the 

v-  1  *  '  :  '  *  i -••rm  accel  oral  ions  at  the  abutment  for  Lucky  Peak  Dam  are 


VELOCITY  RESPONSE-CM/SEC 


RELATIVE  VELOCITY  RESPONSE  SPECTRUM 
RIR1E  DAM ,  UPPER  TOWER.  10/28/83,  1406UTC  UP 
0,2,5.10,20  PERCENT  CRITICAL  DAMPING 


FILTERS:  BUTTERWORTH.  ORDER  2.  0.250  HZ;  ANTIALIAS  50  -  100  HZ 


UNDAMPED  NATURAL  PERIOD-SECONDS 


Figure  6b.  Velocity  response  spectrum  and  Fourier  amplitude 
spectrum  at  Upper  Intake  Tower,  V-component,  at  Ririe  Dam 
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VELOCITY  RESPQNSE-CM/SEC 


RELATIVE  VELOCITY  RESPONSE  SPECTRUM 
RIRIE  OHM.  UPPER  TOWER,  10/28/83,  1H06UTC  25  (L) 
0,2,5,10,20  PERCENY  CRITICAL  DAMPING 
FILTERS:  BUTTERWORTH,  ORDER  2,  0.250  HZ;  ANTIfil IAS  50  -  1 


UNDAMPED  NATURAL  PER  I OD- SECONDS 


Figure  6a.  Velocity  response  spectrum  and  Fourier  amplitude 
spectrum  at  Upper  Intake  Tower,  L-component ,  at  Ririe  Dam 


VELOCITY  RESPONSE-CM/SEC 


RELATIVE  VELOCITY  RESPONSE  SPECTRUM 

RIRIE  DAM.  ABUTMENT,  10/28/83.  1406UTC  295(T) 


Figure  5c.  Velocity  response  spectrum  and  Fourier  amplitude 
spectrum  at  left  abutment,  T-component,  at  Ririe  Dam 


RELATIVE  VELOCITY  RESPONSE  SPECTRUM 
RIRIE  DAM.  ABUTMENT,  10/28/83,  1406UTC  UP 
0,2,5,10,20  PERCENT  CRITICAL  DAMPING 
LTERS:  BUTTERWQRTH,  ORDER  2,  0.250  HZ:  ANTIALIAS  50  -  100 
«  NATIONAL  STRONG  MOTION  DATA  CENTER 


UNDAMPED  NATURAL  PERIOD-SECONDS 

Figure  5b.  Velocity  response  spectrum  and  Fourier  amplitude 
spectrum  at  left  abutment,  V-component ,  at  Ririe  Dam 


VELOCITY  RESPONSE-CM/SEC 


RELATIVE  VELOCITY  RESPONSE  SPECTRUM 

RIRIE  OAM,  ABUTMENT ,  10/28/83,  1406UTC  25  U) 

0,2,5,10.20  PERCENT  CRITICAL  DAMPING 


FILTERS:  BUTTERWORTH,  OROER  2,  0.250  HZ;  ANTIALIAS  50  -  100  HZ 


Figure  5a.  Velocity  response  spectrum  and  Fourier  amplitude 
spectrum  at  left  abutment,  L-component,  at  Ririe  Dam 


Figure  4.  Plan  view  of  Dworshak  Dam 
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Figure  3.  Accelerographic  locations  of  Lucky  Peak  Dam 
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Figure  1.  Locations  of  the  epicenter  of  28  October  1983  and  the 
Ririe,  Lucky  Peak,  and  Dworshak  Damsites. 
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24.  The  resonant  frequency  of  rim  intake  at  Ririe  Dam  determined 
from  the  amplification  ratio  of  the  horizontal  velocity  response  spectra 
1  (’tween  <  k  ■  r  level  of  the  intake  and  the  left  abutment  was  3.5  Hz. 

The  amplification  ratio  for  the  horizontal  response  spectra  of  the  zero 

percent  dampen-  ratio  was  about  12  times  higher  for  the  upper  level  of  the 

intake  than  the  left  abutment.  This  probably  caused  the  slight  damage  on 

the  upper  level  of  the  intake.  In  addition,  the  direction  of  the  crack 

-as  in  parallel  to  the  longitudinal  axis  of  the  dam.  There  was  no  amplification 

ior  the  vertical  component. 


LONG  PERIOD  MOTION  AT  RIRIE  DAM 


19.  The  predominant  long  period  motion  of  1.9  sec  (0.52  Hz),  which 
contains  the  highest  energy,  shows  on  the  longitudinal  and  vertical  components 
of  all  relative  velocity  response  sp  'tra  at  the  abutment,  crest,  downstream 
(free  field),  lower  and  upper  levels  of  the  intake  of  Ririe  Dam  (Appendix  C). 
They  are  Rayleigh  waves.  It  may  be  the  result  of  the  original  slow  rupture 
of  the  faulting  in  the  rock.  The  1.9-sec  period  could  also  be  found  in 
the  data  from  other  recording  sites,  such  as  Lucky  Peak  Dam,  Dworshak  Dam, 
and  INEL's  network. 


SUMMARY 


20.  There  were  no  near-field  strong-motion  records  for  this  Mount 
Borah,  Idaho,  earthquake  of  28  October  1983,  which  occurred  at  latitude 
44.06°N,  longitude  113.88°W.  At  about  90  km  southeast  of  the  epicenter, 

13  accelerographs  operated  by  the  Idaho  National  Engineering  Laboratory 
recorded  the  main  shock.  The  peak  ground  accelerations  were  in  the  range 
of  0.018  g  (vertical  component)  to  0.078  g  (horizontal  component). 

21.  This  study  was  based  on  27  components  of  accelerograms  (18  horizon¬ 
tal  and  9  vertical)  recorded  at  Ririe  Dam  (15  components).  Lucky  Peak  Dam 

(9  components),  and  Dworshak  Dam  (3  components).  Ririe,  Lucky  Peak,  and 

Dworshak  Dams  were  179  km,  180  km,  and  330  km  away  from  the  epicenter,  respec- 

2 

tively.  The  highest  ground  acceleration  was  only  69.71  cm/sec  recorded 
at  the  center  crest  of  Lucky  Peak  Dam.  This  will  not  affect  the  internal 

damage  of  the  dams. 

22.  Based  on  the  results  of  the  statistical  analysis  of  the  peak 
ground  motions  of  the  27  components,  i.e.,  peak  acceleration  (a),  peak  velocity 
(v),  and  peak  displacement  (d),  the  average  ratios  of  v/a  ,  av/aj1  »  and 

ad/v^  were  0.089  sec,  0.58,  and  3.1,  respectively. 

23.  The  amplification  ratios  of  the  maximum  acceleration  on  the  crest 
to  the  maximum  acceleration  at  the  abutment  for  Lucky  Peak  Dam  were  5.69 
(L),  4.01  (V),  3.76  (T)  and  2.05  (L),  2.41  (V),  2.48  (T)  for  Ririe  Dam. 

Beth  epicentral  distances  were  about  the  same.  However,  the  height  for 

the  Lucky  Peak  Dam  was  104  m,  while  the  height  of  Ririe  Dam  was  51.5  m. 
Therefore,  the  height  of  the  Lucky  Peak  Dam  might  be  the  cause  of  its  higher 
amplification  ratios. 
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5.69  (L) ,  4.01  (V),  and  3.76  (T) .  The  ratios  (amplifications)  of  maximum  ac¬ 
celerations  on  the  crest  to  the  abutment  for  Ririe  Dam  are  2.05  (L) ,  2.41  (V), 
and  2.48  (T) .  The  elevation  of  instrument  location  at  the  crest  is  about  the 
same  as  the  elevation  of  instrument  location  at  the  abutment  for  both  dams. 

Lucky  Peak  and  Ririe  Dams  are  104  m  and  51.5  m  high,  respectively.  The 
greater  height  of  the  Lucky  Peak  Dam  might  be  responsible  for  the  higher  ratio 
or  higher  acceleration  on  its  crest.  Because  Lucky  Peak  and  Ririe  Dams  are  far 
away  from  the  epicenter,  the  resulting  small  ground  motions  certainly  did  not 
cause  internal  damage  to  the  dams. 

AMPLIFICATION,  DAMAGE  AND  NATURAL 
FREQUENCY  OF  THE  INTAKE  .RIRIE  DAM 

17.  It  is  worth  noting  that  at  Ririe  Dam  the  horizontal  accelerations 
recorded  at  the  upper  level  of  the  intake  tower  are  amplified  and  the  vertical 
acceleration  not.  The  ratios  of  L,  V,  T  components  for  the  upper  level  to  the 
lower  level  of  the  intake  tower  are  4.55,  1.04,  and  3.52,  respectively. 

18.  During  the  main  shock,  the  five  accelerographs  located  on  the  crest, 
left  abutment,  downstream,  and  the  lower  and  upper  levels  of  the  intake  were 
triggered..  Although  the  ground  motions  were  small,  a  crack  (a  shift  of  about 
2.5  cm  (+)  to  the  left  for  the  bridge  relative  to  the  intake)  at  the  joint 
between  the  upper  level  of  the  intake  and  the  service  bridge  was  reported. 

Since  the  elevations  and  the  locations  of  both  accelerographs  at  the  upper 
intake  and  the  abutment  are  very  close,  a  comparison  of  the  relative  velocity 
response  spectra  or  Fourier  amplitude  spectra  between  the  upper  level  of  the 
intake  tower  and  the  abutment  sheds  some  light  on  the  differential  movement 
that  must  have  occurred.  Figures  5  (a,  b,  and  c)  and  6  (a,  b,  and  c)  show  the 
relative  velocity  response  spectra  and  the  Fourier  amplitude  spectra  for  the 
upper  level  and  the  abutment,  respectively.  A  resonant  frequency  of  3.5  Hz 
appears  on  both  horizontal  components  (L  and  T)  of  the  upper  intake  tower. 

The  amplification  ratio  for  zero  percent  damping  of  the  horizontal  response 
spectra  is  about  12  times  greater  for  the  upper  level  of  the  intake  tower  than 
for  the  abutment.  This  high  amplification  of  3.5  Hz  on  the  horizontal  components 
may  be  the  cause  of  the  crack  on  the  upper  level  of  the  intake  by  the  horizontal 
motion.  The  direction  of  the  crack  was  parallel  to  the  dam  axis.  Thus, 
the  resonant  condition  of  the  intake  shows  that  its  natural  frequency  was 
also  3.5  Hz. 
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